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Abstract 



PROBLEM TO BE SOLVED: To easily manufacture a device capable of plotting at 
high speed by performing the position control of probes to a substrate only by the 
end part of a group of probes, and performing only the control of current to the other 
probes. 

SOLUTION: Plotting is performed by applying a voltage corresponding to a drawing 
pattern given from a pattern input part 60 between probes 21c, 21d and a 
conductive layer 10 from a voltage applying part 7 under the control of a drive and 
emission control part 13, while a substrate is moved on XY plane by a moving stage 
15. Thus, a current is carried to a resist layer 1 1 just under the probes 21c, 21d, and 
the resist molecule is reacted therewith to form a latent image within the resist layer 
11. The applying voltage of the voltage applying part 7 is changed by the drive and 
an emission control part 13, so that the current detected as exposure (emitted 
current) by a current detecting part 6, or the corrected current of charge and 
discharge current by the probe-substrate electrostatic capacity is constant. 
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(57) Abstract 

Technical problem Offer the drawing equipment which resolution can draw 
at a high speed highly. 

Means for Solution Control of the distance on a probe and the front face of 
a substrate is performed only by the probe of an edge, and the probe used for 
drawing is made to follow using the integrated probe according to 
deformation of the cantilever by the Coulomb force by the electrical potential 
difference impressed to a probe. 



Claim(s) 

Claim 1 The electrode holder which holds two or more spring sections and 
the spring section of two or more of said probes holding each of two or more 
probes and two or more of said probes collectively, The coarse adjustment 
device for bringing relatively close the substrate with which this electrode 
holder was moved and the front face was covered in the resist layer which are 
said probe and a drawn object, The migration device for amending the 
inclination of the probe and substrate in the edge of two or more of said 
probes, The drive for carrying out the X-Y drive of said substrate and two or 
more probes on a substrate side relatively, The control unit for controlling 
said each device, the equipment which supplies a current to said probe, 
Drawing equipment equipped with the pattern input unit for giving the desired 
value according to the pattern of drawing to the control unit for making in 
agreement the desired value and the detection value of a current which are 
supplied to the detection means of the current supplied to said probe, and 
said probe, and said each control unit. 

Claim 2 Drawing equipment according to claim 1 with which said two or more 
probes are arranged by the single tier at the predetermined spacing, it is used 
in order that the probe in these both ends may control distance of the probe 
under inclination amendment with a substrate, and drawing, and a substrate, 
and other probes are used for drawing. 

Claim 3 Drawing equipment of claim 1 with which said two or more probes 
are arranged at the predetermined spacing at XY flat surface, it is used in 
order that the probe in these three edges may control distance of the probe 
under inclination amendment with a substrate, and drawing, and a substrate, 
and other probes are used for drawing. 

Claim 4 Drawing equipment of claim 2 whose variation rate of the probe used 
in order to control distance of the probe under inclination amendment with a 
substrate and drawing and a substrate is what is detected according to a 
current. 

Claim 5 Drawing equipment of claim 2 whose variation rate of the probe used 
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in order to control distance of the probe under inclination amendment with a 
substrate and drawing and a substrate is what is detected by the optical-lever 
type atomic force microscope. 

Claim 6 Drawing equipment of claim 2 which is that by which the variation 
rate of the probe used in order to control distance of the probe under 
inclination amendment with a substrate and drawing and a substrate is 
detected by capacity change between the electrodes and cantilevers which 
have been arranged at the tooth back of a cantilever. 

Claim 7 Drawing equipment of claim 3 whose variation rate of the probe used 
in order to control distance of the probe under inclination amendment with a 
substrate and drawing and a substrate is what is detected according to a 
current. 

Claim 8 Drawing equipment of claim 3 whose variation rate of the probe used 
in order to control distance of the probe under inclination amendment with a 
substrate and drawing and a substrate is what is detected by the optical-lever 
type atomic force microscope. 

Claim 9 Drawing equipment of claim 3 which is that by which the variation 
rate of the probe used in order to control distance of the probe under 
inclination amendment with a substrate and drawing and a substrate is 
detected by capacity change between the electrodes and cantilevers which 
have been arranged at the tooth back of a cantilever. 

Claim 10 Drawing equipment of claim 2 made into the value from which the 
current of the probe used for drawing differed in the part which produces a 
latent image, and the part which is not created. 

Claim 11 Drawing equipment of claim 3 made into the value from which the 
current of the probe used for drawing differed in the part which produces a 
latent image, and the part which is not created. 

Claim 12 Two or more probes arranged by the single dimension, two or more 
spring sections holding each of two or more of said probes, The coarse 
adjustment device for bringing relatively close the substrate with which the 
electrode holder and this electrode holder which hold the spring section of two 
or more of said probes collectively were moved, and the front face was 
covered in the resist layer which are said probe and a drawn object, The 
migration device for amending the inclination of the probe and substrate in 
the edge of two or more of said probes, The control unit for controlling the 
drive for carrying out the rotation drive of said substrate to said probe, and 
said each device, Drawing equipment equipped with the pattern input unit for 
giving the desired value according to the pattern of drawing to the control 
unit for making in agreement the desired value and the detection value of a 
current which are supplied to the detection means of the equipment which 
supplies a current to said probe, and the current supplied to said probe, and 
said probe, and said each control unit. 

Claim 13 Drawing equipment of claim 12 with which it is used in order that 
the probe in the both ends of two or more of said probes may control distance 
of the probe under inclination amendment with a substrate, and drawing, and 
a substrate, and other probes are used for drawing. 

Claim 14 The electrode holder which holds two or more spring sections and 
the spring section of two or more of said probes holding each of two or more 
probes and two or more of said probes collectively, The coarse adjustment 
device for bringing relatively close the substrate with which this electrode 
holder was moved and the front face was covered in the resist layer which are 
said probe and a drawn object, The migration device for amending the 
inclination of the probe and substrate in the edge of two or more of said 
probes, The drive for carrying out the X-Y drive of said substrate and two or 
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more probes on a substrate side relatively, The control unit for controlling 
said each device, the equipment which supplies a current to said probe, The 
control unit for making in agreement the desired value and the detection 
value of a current which are suppjied to the detection means of the current 
supplied to said probe, and said probe, It is drawing equipment equipped with 
the pattern input unit for giving the desired value according to the pattern of 
drawing to said each control unit. It is formed at the tip of the moving part of 
electric - machine inverter with which said probe is equipped with two or 
more electrostatic actuators formed on one substrate. While this actuator is 
the cascade structure by which the fixed electrode was cooperated and 
formed in the movable electrode of one actuator of everything but two 
actuators one and — this — the drawing equipment which is what can drive a 
movable electrode in the biaxial direction where one of two actuators 
intersects perpendicularly. 

Claim 15 Drawing equipment of claim 14 with which said two or more probes 
are arranged by the single tier at the predetermined spacing, it is used in 
order that the probe in these both ends may control distance of the probe 
under inclination amendment with a substrate, and drawing, and a substrate, 
and other probes are used for drawing. 

Claim 16 Drawing equipment of claim 14 with which said two or more probes 
are arranged at the predetermined spacing at XY flat surface, it is used in 
order that the probe in these three edges may control distance of the probe 
under inclination amendment with a substrate, and drawing, and a substrate, 
and other probes are used for drawing. 

Claim 17 Drawing equipment of claim 15 whose variation rate of the probe 
used in order to control distance of the probe under inclination amendment 
with a substrate and drawing and a substrate is what is detected according to 
a current. 

Claim 18 Drawing equipment of claim 16 whose variation rate of the probe 
used in order to control distance of the probe under inclination amendment 
with a substrate and drawing and a substrate is what is detected according to 
a current. 

Claim 19 Drawing equipment of claim 14 made into the value from which the 
current of the probe used for drawing differed in the part which produces a 
latent image, and the part which is not created. 

Claim 20 Drawing equipment of claim 15 made into the value from which the 
current of the probe used for drawing differed in the part which produces a 
latent image, and the part which is not created. 

Claim 21 The electrode holder which holds two or more spring sections and 
the spring section of two or more of said probes holding each of two or more 
probes and two or more of said probes collectively, The coarse adjustment 
device for bringing relatively close the substrate with which this electrode 
holder was moved and the front face was covered in the resist layer which are 
said probe and a drawn object, The slider for holding both relative position in 
the form inserted between said electrode holder and the substrate with which 
the front face was covered in the resist layer which is a drawn object, The 
drive for carrying out the X-Y drive of said substrate and two or more probes 
on a substrate side relatively, The control unit for controlling said each 
device, the equipment which supplies a current to said probe, Drawing 
equipment equipped with the pattern input unit for giving the desired value 
according to the pattern of drawing to the control unit for making in 
agreement the desired value and the detection value of a current which are 
supplied to the detection means of the current supplied to said probe, and 
said probe, and said each control unit. 
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Claim 22 Drawing equipment of claim 1 used in order that the electrostatic 
capacity between the electrode with which said two or more probes were 
arranged by the single tier at the predetermined spacing, and were prepared 
in the both ends of the electrode holder of these probes, and the conductor 
part of said substrate may control distance of the probe under inclination 
amendment with said probe and said substrate, and drawing, and a 
substrate. 

Claim 23 Drawing equipment of claim 1 used in order that the electrostatic 
capacity between the electrode with which said two or more probes were 
arranged at the predetermined spacing at XY flat surface, and were prepared 
in three edges of the electrode holder of these probes, and the conductor part 
of said substrate may control distance of the probe under inclination 
amendment with said probe and said substrate, and drawing, and a 
substrate. 



Detailed Description of the Invention 
0001 

Field of the Invention This invention relates to the drawing equipment used 
in the ultra-fine processing technology which used the scanning probe 
microscope. 
0002 

Description of the Prior Art Pole ultra-fine processing technology is needed 
in connection with high integration of a semi-conductor electronic device, and 
the densification of an archive medium. However, at the electronic device, the 
minimum processing dimension is restricted to about lOOnm with the 
wavelength and the lens ingredient of light which are used by optical 
lithography, and reduction of a resolution margin is expected in the recording 
apparatus of the laser original edition by the archive medium. As a technique 
replaced with this in recent years for example S.C.Minne et al., Fabricationof 
0.1 m metal oxide semiconductor field-effect transistor Appl.Phys.Lett. — 66 
(6) 6 February 1995 pp. 703-705 or Hyongsok T.Soh et al., and Fabrication of 
100 nm pMOSFETs with Hybrid AFM/STM The ultra-fine processing technology 
using a scanning probe microscope as shown in Lithography (1997 
SYMPOSIUM ON VLSI TECHNOLOGY) attracts attention. It is the approach of 
processing it by generally impressing an electrical potential difference 
between a probe and a substrate, this has high resolution and processing of 
atomic level is also theoretically possible for it. 

0003 Furthermore, the lithography system equipped with two or more 
cantilevers is also proposed as indicated by U.S. Pat. No. 5,666,190. 
0004 

Problem(s) to be Solved by the Invention When using a scanning probe 
microscope for drawing equipment, it is useful to gather scan speed to 
coincidence using two or more probes like integration detailed equipment 
which was proposed by parent application of the above USP 5,666,190 or this 
application. However, in the case of this approach, it needed to control two, 
quantity of radiation and the distance between substrate-probes, to each 
probe, and the control system which controls all them in generalization was 
also required, and, on the other hand, those driving gears are not only 
needed, but it had become complicated equipment. 
0005 

Means for Solving the Problem This invention notes that the Coulomb 
force committed to the cantilever holding each probe or a probe draws each 
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probe to a substrate front-face side, or make it deform a cantilever, and it 
has sufficient magnitude to contact each probe on a substrate front face with 
the electrical potential difference impressed since a current is irradiated from 
a probe at a substrate in the case of drawing. That is, rough position control 
for deciding the distance between the substrate-probes which can irradiate a 
current to be a substrate to the group of a probe in early stages of drawing is 
performed. In this case, the edge of the group of a probe should just have the 
distance between suitable substrate-probes. Then, all probes can have the 
distance between suitable substrate-probes in the range of a certain 
dispersion accompanying manufacture of the group of a probe. Once drawing 
is started, the monitor and control of the distance between the substrate- 
probes of the edge of the group of said probe are performed so that this 
condition of having been positioned in early stages may be maintained. 
0006 If it puts in another way, it will draw in this invention, being maintained 
so that the edge of the group of a probe may have the distance between the 
suitable substrate-probes at the time of drawing initiation. If it does so, 
according to the current which irradiates a substrate, each probe will receive 
Coulomb force, and will follow and displace it for detailed deformation of a 
substrate front face naturally. Therefore, the distance control between the 
substrate-probes about each probe does not carry out during drawing. Of 
course, the current of controlling independently for every probe which 
irradiates a substrate from a probe is natural. 
0007 

Embodlmraeiratt off the XoweinilHoini 

Example I this example explains the example of the drawing equipment in the 
case of moving a substrate in the direction of a flat surface of a monotonous 
substrate, and drawing using drawing 1 and drawing 2 . 
000© Drawing 1 is the block diagram showing the 1st example construct of 
the drawing equipment of this invention. The detailed plotting-head section 1 
inclines with the detailed drawing section 4, and consists of the amendment 
sections 5. The detailed drawing section 4 consists of electrode holders 24 
which hold collectively the conductive probes 21a, 21b, 21c, and 21d and 
these which were connected to the conductive spring sections 22a, 22b, 22c, 
and 22d as a cantilever, and it. An electrode holder 24 inclines through piezo- 
electric elements 25 and 26, and is combined with the amendment section 5. 
The amendment section 5 is held at the body of drawing equipment which the 
opposite side of the field where piezo-electric elements 25 and 26 are 
combined does not illustrate. Moreover, according to the inclination 
amendment signal given from the drive and the exposure control section 13 
which are mentioned later, the amendment section 5 gives an electrical 
potential difference to each of piezo-electric elements 25 and 26, and it 
amends the inclination of a holder 24 so that it may become parallel to the 
field of the resist layer 11 of the substrate 8 with which the line which 
connects the probes 21a and 21d of both ends is drawn. The electrical- 
potential-difference impression section 7 controls the electrical potential 
difference which gives from a drive and the exposure control section 13, and 
is applied to probe 21a-21d according to a **** control signal, in this case, 
when amending an inclination using the probes 21a and 21d of both ends, it 
is controlled by the case where it draws using Probes 21b and 21c to become 
the electrical potential difference for which was resembled, respectively and it 
was suitable. The current detecting element 6 feeds back the detection output 
to a drive and the exposure control section 13 while detecting the current 
irradiated by the resist layer 11 from a probe. In inclination amendment, 
probe 21a of both ends and the suitable electrical potential difference for 21d 
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are given, and the electrical potential difference given to each of piezo- 
electric elements 25 and 26 is controlled by a drive and the exposure control 
section 13 so that each current becomes equal. In drawing, the electrical 
potential difference applied to Probes 21b and 21c at the electrical-potential- 
difference impression section 7 is controlled to become a current according to 
the control signal corresponding to the drawing pattern given from the 
pattern input section 60. When it sees here about the current which flows in 
the resist layer 11, when the insulation of the resist layer 11 is high, it is a 
field emission current, and when there is conductivity, it is the so-called 
current. In this invention, this is made a current without distinguishing both. 

0009 A drive and the exposure control section 13 give a migration signal to 
the migration section 12 according to the control signal given from the 
pattern input section 60. The migration section 12 is held at the body of 
drawing equipment which the whole surface does not illustrate, and is 
equipped with the drives 16, 17, and 18 which make a different field from it 
move the migration stage 15 to X, Y, and a Z direction according to said 
migration signal. Although stopped in this drawing for blocks 16, 17, and 18 
to have shown the drive in the semantics of 3 shaft drives of X, Y, and Z, the 
thing of a configuration of being used by the device of arbitration, such as a 
stepper, can be used for this. The variation rate of the migration stage 15 is 
measured using the metering device of high resolutions, such as a laser 
interferometer, is fed back to a drive and the exposure control section 13, 
and is controlled to a precision. The substrate 8 is attached in the migration 
stage 15. 

0010 The migration section 12 is preceded with drawing, and the migration 
stage 15 is moved until it becomes a position to the field of the resist layer 11 
of a substrate 8 where probe 21a-21d is drawn by the Z-axis drive 18 
according to the contiguity signal given from a drive and the exposure control 
section 13, The resist layer 11 of a substrate 8 and probe 21a-21d are made 
to approach. Under the present circumstances, the suitable electrical potential 
difference for probe 21a-21d is given, and it is stopped by contiguity when 
the detection current of one of probes reaches a predetermined value. 

00 13. After inclination amendment is made, the migration stage 15 is moved 
in respect of X-Y with the X-axis drive 16 and the Y-axis drive 17, and a 
pattern is drawn on the resist layer 11 of a substrate 8. While drawing the 
pattern, the migration section 12 is controlled by a drive and the exposure 
control section 13 to continue the position control of Z shaft orientations so 
that the probes 21a and 21d of both ends are used, the magnitude of a 
current is supervised and the distance between the resist layer 11 and a 
probe maintains a suitable value. 

0012 A substrate 8 consists of the glass substrate 9, the conductive layer 10 
which vapor-deposited lOOnm of chromium from 20nm, and the resist layer 

11 (for example, layer which applied the negative resist (RDby Hitachi 
Chemical Co., Ltd.2100N) which is a mixed resist of Pori (vinyl phenol) and 
azide) with a thickness of about 10 to lOOnm. The mixed resist of novolak 
system phenol resin and a sensitization agent, a chemistry multiplier system 
resist, and the poly meta KUCHIRU acid methyl are sufficient as the resist 
used for the resist layer 11. A substrate 9 can use the ingredient of 
arbitration to process soDocon / silicon, / which was doped . Since 
substrate 9 self is conductivity when using the silicon doped to the substrate 
9, a conductive layer 10 may omit. A conductive layer 10 is grounded 
electrically and it is made for a current to flow in the resist layer 11 with the 
electrical potential difference applied to a probe. In the case of the conductive 
substrate 9, a substrate 9 should just be grounded directly. 
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0013 The perspective view in which drawing 2 (a) shows the cantilever of the 
drawing equipment of drawing 1 and its attaching part, and drawing 2 (b) are 
the top views seen from the intrados side of a cantilever. Probe 21a-22d, it 
prepares for the spring section 22a-22d point as a cantilever, and conductive 
film 23a-23d is formed in the spring section 22a-22d whole surface. These 
electric conduction film is connected to the electrical-potential-difference 
impression section 7 and the current detecting element 6 through the 
connector which is not illustrated. Although held probe 21a-22d and spring 
section 22a-22d at a holder 24, using ultra-fine processing technology, these 
are silicon single crystals, and are unified and created. Silicon oxide and 
silicon nitride are sufficient as these again. The piezo-electric elements 25 and 
26 which perform migration for inclination amendment and approach are 
formed in the field in which the cantilever of a holder 24 is not prepared. As 
for the radius of curvature at the tip of a probe 21, it is suitable for the load 
rate of lOnm to lOOnm, and the spring section 22 that 5 N/m from 0.05 N/m 
and resonance frequency are 50kHZ(s) from 10kHZ(s). About these 
parameters, still more detailed data are mentioned later. 

0014 each — it can be said that it can be stored in the range of dispersion 
50nm or less, and is on the same line substantially although the tip location 
which counters the probe 21a-21d substrate 8 is based also on the precision 
of machining. The electric conduction film 23 is a 50nm titanium thin film 
from lOnm in thickness created by vacuum evaporationo, and this may use a 
tungsten besides titanium, molybdenum, titanium carbide, tungsten carbide, 
carbonization molybdenum, and a conductive diamond. 

0015 Next, the procedure of drawing using the drawing equipment shown in 
drawing 1 and drawing 2 is collected and explained. Drawing serves as a 
procedure of drawing as the approach to the probe of a substrate 8, and the 
2nd step as the 1st step at inclination amendment of a probe, and the last. 

0016 Until it impresses the suitable electrical potential difference for probe 
21a-21d in the electrical-potential-difference impression section 7, it detects 
these currents by the current detecting element 6 and the current of one of 
probes serves as a predetermined value first, after attaching a substrate 8 in 
the migration stage 12 as stated also in advance The migration stage 12 is 
moved to Z shaft orientations under control of a drive and the exposure 
control section 13, and a substrate 8 is made to approach a probe. Under the 
present circumstances, it is good also as what the electrical potential 
difference V impressed in the electrical-potential-difference impression section 
7 between the probes 21a and 21d of both ends and a substrate 8 is changed, 
and detects the current I which flows then by the current detecting element 
6, computes that electrostatic capacity by I/(dV/dt), and estimates the 
distance of a probe and a substrate. 

0017 Subsequently, it inclines from a drive and the exposure control section 
13, a signal is given to the amendment section 5, piezo-electric elements 25 
and 26 are controlled, and control which loses the inclination between the 
lines and substrate 8 flat surfaces to which these probes are connected is 
performed so that the difference of a both probes of both ends / 21a and 
21d current may be lost. Or it is good also as what computes electrostatic 
capacity, estimates an inclination from distance, inclines from a drive and the 
exposure control section 13, gives a signal to the amendment section 5, 
controls piezo-electric elements 25 and 26, and amends an inclination. 

0018 each — the distance of probe 21a-21d and a substrate 8 becomes 
below the value set up beforehand, and after amendment of an inclination 
finishes, it will move to the process of drawing, this phase — each — 1 
micrometer is suitable for the set point of the distance of probe 21a-21d and 
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a substrate 8 from lOnm. 

0019 Drawing is explained below. Drawing is performed by impressing a 
substrate 8 from the electrical-potential-difference impression section 7 under 
control of the electrical potential difference corresponding to the drawing 
pattern given from the pattern input section 60 between Probes 21c and 21d 
and a conductive layer 10 of a drive and the exposure control section 13, 
moving XY flat surface on the migration stage 12. By this, a current flows in 
probe 21c and the resist layer 11 of a 21d directly under, a resist molecule 
reacts, and a latent image is produced in the resist layer 11. The applied 
voltage of the electrical-potential-difference impression section 7 is changed 
by a drive and the exposure control section 13, and it is made for the current 
detected by the current detecting element 6 or the current which amended 
the charge and discharge current by the electrostatic capacity between probe- 
substrates to become fixed as quantity of radiation (exposure current). 
Although it is controllable by various forms, this is as follows if examples are 
enumerated. 

0020 (1) When controlling Current I, output the electrical-potential-difference 
value expressed with (several 1). 

0021 

Equation 1 

m 



0022 Here, Gi is feedback gain and Is is a programmed current. 

0023 (2) When controlling power P=IV, output the electrical-potential- 
difference value expressed with (several 2). 

0024 

Equation 2 

m 



0025 Here, Gp is feedback gain and Ps is setting power. 

0026 (3) If an electrical potential difference V changes when taking into 
consideration the electrostatic capacity C which exists between probe 21a-21d 
and spring section 22a-22d, and a substrate 9, the charge and discharge 
current expressed with (several 3) will flow. 

0027 

Equation 3 

[x] 1D=000005 



0028 since — the output voltage at the time of the current control expressed 
with (several 1) when this is taken into consideration — 0029 
Equation 4 

[x] ID=000006 



0030 It becomes. 

0031 Moreover, the output voltage at the time of the power control 
expressed with (several 2) is 0032. 

Equation 5 

n^O^\P s -{l{t)-C^)v{t)Y «> 
0033 It becomes. 
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0034 (4) The feedback control system which the current detecting element 6, 
a drive, and the exposure control section 13 constitute has a time constant 
tau further, and a high frequency component is removed. Taking a time 
constant tau into consideration, in order for this to work as a filter and to 
remove the effect of Ic correctly also to a charge and discharge current Ic, 
(several 4) is 0035. 

Equation 6 

[x] ID=000008 



0036 A next door and (several 5) are 0037. 
Equation 7 

[x] ID=000009 



0038 It becomes. 

0039 It was made for quantity of radiation to serve as 10 nC/cm in this 
example, as the substrate 8 which carried out the coat of said resist RD2100N 
with a thickness of lOOnm is moved by 0.1 mm/s and a current becomes the 
electrical potential difference impressed between Probes 21c and 21d 
and a conductive layer 10 100pA(s) in the -85V neighborhood. 

0040 Probes 21b and 21c receive the Coulomb force committed between 
each probe 21b and the 21c-conductive layer 10 with the electrical potential 
difference impressed in order to create a latent image in the resist layer 11 
during latent-image creation. According to this Coulomb force, each spring 
sections 22b and 22c deform, and each probe touches the resist layer 11. A 
latent image also has the part which is not formed according to the pattern 
made into creation ******. Since the current is unnecessary in the part 
which does not form a latent image, it is not necessary to impress an 
electrical potential difference to a probe in this location. However, if an 
electrical potential difference is set to OV, since the Coulomb force which was 
acting on the probe will be lost, deformation of each spring sections 22b and 
22c will be lost, and it will separate from resist layer 11 front face. When are 
done so and an electrical potential difference is impressed again in the 
location which should form a latent image, possibility that Coulomb force will 
act on a probe suddenly, and each spring sections 22b and 22c will deform 
suddenly, therefore a probe will collide with the resist layer 11 violently, and 
a probe will be damaged becomes high. Therefore, in case the part which 
does not produce a latent image is drawn, it is good to control an electrical 
potential difference so that a current small like a latent image is not formed 
flows. In this example, when applied voltage was made into less than -70V , 
the current was set to 1 or less pA, and the latent image was not formed, on 
the other hand, good to consider as the electrical potential difference 
which passes a smaller current and which is not boiled too much so 
that each spring sections 22a and 22d may not receive deformation by 
Coulomb force as much as possible, although it naturally comes out of the 
current of the location monitor by the probe of both ends to carry out below 
to this extent — it divides and comes out. 

0041 It is as follows if it explains briefly developing the latent image drawn 
by this invention. 

0042 Negatives are developed by dipping in 0.83% of tetramethylammonium 
hydroxide solution for 1 minute. Consequently, when the resist of a negative 
mold is used for the resist layer 11, it can remain without dissolving only the 
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resist which produced the latent image, and a convex type line resist pattern 
with a line breadth of lOOnm can be produced. When the resist of a positive 
type was used for the resist layer 11, only the resist which produced the 
latent image was able to be dissolved, and the concave line resist pattern 
with a line breadth of lOOnm was able to be produced. It is shown that 
drawing 6 can produce the pattern width of face of arbitration lOOnm or more 
by adjusting quantity of radiation since the relation between the pattern width 
of face in the example of this invention and quantity of radiation is shown and 
pattern width of face is dependent on quantity of radiation. 

0043 In this invention, drawing serves as a procedure of drawing as the 
approach to the probe of a substrate 8, and the 2nd step as the 1st step at 
inclination amendment of a probe, and the last. And the probe used for 
drawing should perform only current control by using the probe which is in an 
edge among many probes for the monitor of the location under positioning 
and drawing, and using other probes for drawing. And when forming a latent 
image, and a probe deformed according to Coulomb force, this invention was 
able to offer useful technique in the point of having noted drawing having 
been possible, only by current control, even if it did not carry out strict 
position control. In explanation of said example, although there are few 
probes only four, if this increases, the merit of this invention will become 
large indeed. In addition, in the above-mentioned example, although a 
substrate 8 and the approach of a probe shall move a substrate 8 to Z shaft 
orientations, they can also use the piezo-electric elements 25 and 26 holding 
a probe of an electrode holder 24 for this approach. 

0044 Example The top view and drawing 3 (b) which looked at II drawing 3 
(a) from the intrados side of the cantilever which shows the cantilever of the 
drawing equipment of this invention and other examples of the attaching part 
are the side elevation. They are — It is the example made into the probe 
section 30 with much spring sections of 3jm. 31a and 31b so that 
drawing 3 (a) and drawing 3 (b) may be understood as contrasted with 

drawing 2 (a) and drawing 2 (b). 31k — 31n, 32a — 32m These spring 

sections are held at electrode holders 34a, 34b, 34c, and 34d, respectively, 
and each electrode holder is held with the common electrode holder 35. 
Although the electric conduction line of each probe represents with 33 and is 
shown, these shall be drawn by the connector which is not illustrated and it 
shall be carried out in required connection. As shown in drawing 3 (b), piezo- 
electric element 36a-36c corresponding to the piezo-electric elements 25 and 
26 shown by drawing 2 (a) is prepared in the tooth back of the common 
electrode holder 35. By a diagram, piezo-electric element 36a is not visible. 
Piezo-electric elements 36a and 36b are used for inclination control of the 
direction of X of drawing using Probes 31a and 31n, and piezo-electric 
elements 36b and 36c are used for inclination control of the direction of Y of 
drawing using 31n of probes, and 3jm. Example The perspective view 
showing the example of the integrated probe driving gear group which can 
adopt III drawing 4 (a) as this invention, and its attaching part, and drawing 
4 (b) are the sectional views showing the structure of the probe driving gear 
of the unit. 

0045 Drawing 4 (a) is the conceptual diagram showing the configuration of 
the example which arranges many probe driving gears 420 shown in drawing 
4 (b) to 2-dimensional XY, holds according to the coarse adjustment device 
410, and enabled it to control the location of a probe. The probe driving gear 
420 of a large number corresponding to each probe and each spring section of 
drawing 3 (a) and (b) is arranged at 2-dimensional XY. And the configuration 
which holds the group of the probe driving gear 420 according to the common 
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electrode holder 35 of drawing 3 (a) and (b) and the coarse adjustment 
device 410 corresponding to piezo-electric element 36a-36c, and enabled it to 
control the location of a probe is shown. 

0046 If it does in this way, approach and not only inclination amendment but 
2-dimensional XY drive for drawing will be attained according to the coarse 
adjustment device 410. Of course, naturally each function may be made to 
divide and pay like the above-mentioned example. 

0047 Although explanation detailed about the configuration of the coarse 
adjustment device 410 in this example is omitted, if combination with a 
piezo-electric element is devised to the device by micro processing, and a pan 
like creation of the probe driving gear 420 shown in drawing 4 (b), it can 
create easily. It is reverse, It is good also as a combination of a mere 
electrode holder and a mere piezo-electric element as shown in drawing 2 (a). 

0048 Hereafter, drawing 4 (b) explains the example of the probe driving gear 
420. Drawing 4 (b) is a block diagram which indicates an example of the 
structure of the probe driving gear 420. The first integration electrostatic 
actuator 2100 and the second integration electrostatic actuator 2500 should 
connect in this example in the cascade. Namely, the fixed electrode 270 of 
the second actuator 2500 is connected to the movable electrode 210 of the 
first actuator 2100, and it has a probe 220 at the tip of the extension section 
of the movable electrode 250 of the second actuator 2500. Moreover, first 
integration electrostatic actuator of this example, It shall be one actuator and 
the drive of the direction of X and the direction of Y shall be performed. 
Therefore, the direction of X and the direction of Y are controlled by the first 
actuator 2100, and each motion of a Z direction is controlled by the second 
actuator 2500. 

0049 The fixed electrode 211 of an actuator 2100 is formed in the point of a 
base 230, and the spring 240 which consists of the connection section 242 
which connects this with a flat spring 241 is too formed in the point of a base 
230. The movable electrode 210 of an actuator 2100 is combined with the 
connection section 242 of a spring 240. an actuator ~ 2100 — a fixed 
electrode — 211 — the other end — a base — an edge — 232 — connecting — 
having — here — a flat spring — 241 — ' — this — connecting — connection — 
the section — 242 — 1 — becoming — a spring — 240 — 1 — forming — 
having . While the movable electrode 210 of an actuator 2100 is combined 
with the connection section of spring 240', Z driving shaft section 270 is 
connected. Since the driving force which acts between the fixed electrode 211 
of an actuator 2100 and a movable electrode 210 sags a spring 240 and 240', 
respectively, Z driving shaft section 270 takes the location of the direction of 
X according to the driving force by the actuator 2100 (it is parallel to space 
and a longitudinal direction), and the direction (perpendicular to space) of Y. 

0050 The integration electrostatic actuator 2500 is formed in the point of Z 
driving shaft section 270 in the form which makes Z driving shaft section 270 
the above-mentioned base 230. namely, — Z — a driving shaft — the section - 
- 270 — one — a configuration — a frame part — 270 — ' — supporting — 
having had — a fixed electrode — 251 — forming — having — the same — a 
frame part — 270 — 1 — a fixed portion — ** — carrying out — a flat spring — 
261 — this — connecting — connection — the section — 262 — becoming — a 
spring — 260 — and — a flat spring — 261 — ' — this — connecting — 
connection — the section — 262 — 1 — becoming — a spring — 260 — ' — 
forming — having . While the probe supporter 280 with which a probe 220 is 
attached at a tip is combined with connection section 263' of the connection 
section 263 which is a spring 260, and spring 260', the movable electrode 



http://uspghpat01/pdf/MTJPl 1 073906.htm 



08/23/2005 



PatentOrder MT 



Page 13 of 25 



250 of an actuator 2500 is combined with the probe supporter 280. Since the 
driving force which acts between the fixed electrode 251 of an actuator 2500 
and a movable electrode 250 sags a spring 260 and 260', respectively, the 
probe supporter 280 takes the location of a Z direction (it is parallel to space 
and is the vertical direction). Z driving shaft section 270 has the direction of 
X, and the direction of Y controlled by the actuator 2100, and a probe has a Z 
direction controlled by this condition at this example. 

0051 In the example of drawing, since it is are / which should be 
impressed to wiring to each electrode, and a probe / of an electrical 
potential difference / wiring, and realizable with the configuration of 
arbitration about these further if needed although the explanation about the 
necessity of an insulation was omitted in order to simplify the display of 
drawing, the explanation beyond this is omitted. 

0052 This structure is arranged in parallel in a single dimension with semi- 
conductor ultra-fine processing technology on the basis of one substrate, it 
can arrange and integrate, moreover, the base 230 and the base edge 232 
may be directly attached on one substrate used as a foundation, and the 
integration probe driving gear which has an integration electrostatic actuator 
in the form where other parts were processed by semi-conductor ultra-fine 
processing technology, and were separated from the substrate can be 
constituted from an example of this drawing 4 (b). Therefore, it is very easy 
to consider as the integration probe driving gear arranged in parallel and 
arranged on 1 chip at the single dimension. 

0053 It is also easy to constitute the integration probe driving gear which 
carried out two or more sheet laminating of the structure of the integration 
probe driving gear arranged in parallel and arranged on 1 chip of this example 
at the single dimension, and has arranged it to two dimensions. 

0054 If position control under the approach as the whole, inclination 
amendment, and drawing is performed, since this invention is sufficient for 
many probe driving gears 420, controlling the location of each probe 220 of 
many probe driving gears does not need them for an essential target at it. 
However, considering correction of partial drawing etc., it is useful that this is 
made. 

0055 Example The example used as the drawing equipment for rotating IV, 
next a substrate and drawing is explained with reference to drawing 5 . 
Although there is nothing, a substrate 8 shall be rotated, and according to 
this, the place which changes to the drawing equipment and the essential 
target of the example which showed this example to drawing 1 brings near 
the detailed plotting-head section 1 by one side of a substrate 8, and 
arranges it. The same reference agreement showed what is common in both 
the examples. The drives 16, 17, and 18 with which the migration section 12 
of the example shown in drawing 1 makes the rotation mechanical component 
61 move the migration stage 15 to X, Y, and a Z direction on the rotation 
stage 65 are permuted by the revolving shaft 66, respectively. A drive and 
the exposure control section 13 give a rotation signal to the rotation 
mechanical component 61 according to the control signal given from the 
pattern input section 60. This rotation rotates the rotation stage 65 through a 
revolving shaft 66, and the information about this rotation is fed back to a 
drive and the exposure control section 13, and is controlled to a precision, 

0056 Although this example is also preceded with drawing and contiguity 
actuation is performed, this actuation moves a revolving shaft 66 up 
according to the signal which a drive and the exposure control section 13 give 
to the rotation mechanical component 61 (Z-axis drive). When the rotation 
stage 65 is moved, contiguity is completion until it becomes a position to the 
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field of the resist layer 11 of the substrate 8 with which probe 21a-21d is 
drawn. Then, while performing inclination amendment, then rotating the 
rotation stage 65, a pattern is drawn on the resist layer 11 of a substrate 8. 
While drawing the pattern, the probes 21a and 21d of both ends are used, 
The rotation mechanical component 61 is controlled by a drive and the 
exposure control section 13 to continue the position control of Z shaft 
orientations so that the magnitude of a current is supervised and the distance 
between the resist layer 11 and a probe maintains a suitable value. 
Furthermore, although it is thought in this example that the actuation which 
compares with the example shown in drawing 1 , and amends the inclination 
according to rotation also in under drawing by the amendment section 5 is 
frequently needed, it can perform without trouble by the location monitor by 
the probe of both ends. 

0057 In this example, it compares with a substrate 8, and if the detailed 
plotting-head section 1 is developed after it rotates a substrate 8 360 degrees 
on the substrate rotation stage 65 since it is relatively small, it can produce 
the resist pattern of the shape of a perfect circle which can be used for the 
guide rail of an optical disk, for example. Moreover, if negatives are 
developed after rotating a substrate 8 360 degrees by substrate rotation TEJI 
65, making right and left move the detailed plotting-head section 1 in the 
direction of the center of rotation focusing on a certain point continuing 
irradiating fixed quantity of radiation, a wave-like resist pattern can produce 
in the shape of a circle. Or when negatives are developed after fixing the 
detailed plotting-head section 1 and rotating a substrate 8 360 degrees on 
the substrate rotation stage 65, changing the quantity of radiation in which a 
latent image can form quantity of radiation, and the quantity of radiation 
which a latent image cannot form, the dot pattern which can be used for the 
data information of an optical disk and address information can produce in the 
shape of a circle. If this actuation is continued and a pattern is drawn 
throughout substrate 8, a probe is put in order in 0.1mm pitch, a track pitch 
is set to lOOnm, and a pattern can be drawn for rotational speed to all fields 
by per hour 50 rotation in 20 hours. 

0058 The original edition of an optical disk is producible by combining the 
approach shown above. Furthermore, a concave dot resist pattern is produced 
all over a disk, and if the magnetic substance, such as iron, cobalt, nickel, an 
iron-cobalt alloy, a cobalt nickel alloy, and an iron nickel alloy, is embedded 
into a dot pattern by electric-field plating by using a conductive layer 10 as an 
electrode, the super-high density magnetic-recording medium made into the 
record bit which isolated the magnetic dot is producible. 

0059 Example V, next drawing 7 are the perspective views showing the 
example from which the cantilever shown in drawing 2 (a) and its attaching 
part differed. 

0060 This example is an example which shall depend detection of a 
cantilevers of both ends / 22a and 22d variation rate on an optical-lever- 
type atomic force microscope. 83 and 81 are the light sources and 84 and 82 
are light-receiving equipment. Since an optical-lever-type atomic force 
microscope does not have the need of passing a current between Probes 21a 
and 21d and a substrate 8, it does not have the need of applying an electrical 
potential difference to a probe 21. Therefore, the spring section does not 
deform in response to the Coulomb force by the electrical potential difference 
applied to Probes 21a and 21d. For this reason, when using an optical-lever- 
type atomic force microscope for the location monitor by the probe of both 
ends, the stable position control and inclination control can be realized. 

0061 Example The side elevation and drawing 9 of the top view seen from 
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the intrados side of the cantilever which shows the example of deformation of 
the cantilever which shows VI drawing 8 (a) to drawing 3 (a), and its 
attaching part, and drawing 8 (b) are the rear view. 

0062 in this example, drawing 3 (a), drawing 8 (a) and drawing 3 R> 3 (b), 
and drawing 8 (b) may be contrasted, and it understands — as — electrode- 
holder 34a-34d — every train of a cantilever — 34a f and 34a ~ while dividing 
into two '-34d', 34d , / it could have an inclination for the cantilever to the 
electrode holder, and ** and this sense were made the same. Furthermore, it 
is the example which shall depend detection of the cantilevers 31a and 31n of 
an edge, and the variation rate of 3jm(s) on an optical-lever-type atomic 
force microscope like the example of drawing 7 . 91, 93, and 95 are the light 
sources, and 92, 94, and 96 are light-receiving equipment. As opposed to the 
irregularity which the field of a resist 11 has when moving a substrate 8 in 
this example, since it shall have the sense of the same inclination for a 
cantilever, It is effective in the ability to reduce possibility that the spring 
section of a cantilever will act effectively and a probe will be damaged. 
Moreover, since detection of a variation rate was used as the optical-lever- 
type atomic force microscope, it is effective in the stable position control and 
inclination control being realizable like a previous example. In addition, some 
electrode holders 35 are cut for transparency of the light of the optical-lever- 
type atomic force microscope for detecting the variation rate of probe 3jm, 
and it must be made for light to pass by this example with reference to 
drawing 9 , so that clearly. 

0063 Example The top view seen from the intrados side of the cantilever 
which shows other examples of deformation of the cantilever which shows VII 
drawing 10 (a) to drawing 3 (a), and its attaching part, and drawing 10 (b) 
are the side elevation. 

0©64 So that drawing 8 (a), drawing 10 (a) and drawing 8 (b), and drawing 
10 (b) may be contrasted and it may understand in this example Contiguity 
and the location monitor of the probe section 30 and a substrate 8 Cantilever 
31a of an edge, It is the example which replaces with detection by the 
optical-lever-type atomic force microscope of the variation rate of 31n and 
3jm(s), forms electrodes 41, 42, and 43 in three places of the field by the 
side of the cantilever of an electrode holder 35, and was made to perform by 
capacity detection between this electrode and the conductor part of a 
substrate. 

0065 In this example, in the phase where the substrate was set to the 
migration stage 15, although capacity detection cannot be performed 
substantially, if contiguity progresses and it approaches to some extent, since 
capacity detection is attained, it can complete contiguity using this. Moreover, 
the location monitor under drawing can also be performed now. 

0066 The top view seen from the intrados side of the cantilever which shows 
other examples of deformation of the cantilever which shows example VIII 
drawing 11 (a) to drawing 3 (a), and its attaching part, and drawing 11 (b) 
are the side elevation. 

0067 In this example, it holds directly by the sliders 51, 52, 53, and 54 
which make the physical relationship of the probe section 30 and a substrate 
8 intervene among both so that drawing 8 (a), drawing 11 (a) and drawing 8 
(b), and drawing 10 (b) may be contrasted and it may understand. In order 
that these sliders may maintain the condition of having contacted the 
substrate 8 by the weak force, the weak spring riggings 55, 56, 57, and 58 
(57 and 58 are not shown) are formed in four angles of the tooth back of an 
electrode holder 35. 

006® After the substrate 8 was set to the migration stage 15 in this example 
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In a near phase, an electrode holder 35 is pushed against a substrate 8 by 
the weak force., If the condition is maintained after that, it is not necessary 
to perform especially position control under drawing. 

0069 Example IX drawing 12 (a) is the top view seen from the intrados side 
of the cantilever which shows other examples of deformation of the cantilever 
shown in drawing 3 (a) and its attaching part, drawing 12 — (— b — ) — a 
spring — the section — forming -- having — **** — a field -- a location — a-a 
~ 1 — an arrow head — a direction — having seen a sectional view — 
drawing 12 — (— c — ) a spring — the section — forming — having — **** - 
- a field — a spring — the section — it is a location -- b-b — ' -- an arrow 
head — a direction — having seen — a sectional view — and — drawing 12 — 
(-- d — ) — a spring -- the section — forming — having — **** -- a field — a 
spring -- the section -- there is nothing — a location — c-c — 1 an arrow 
head — a direction — having seen — a sectional view — it is . 

0070 The spring sections — It is the example which made 3jm the 
direct fixture beam probe section 30 at the common electrode holder 
35. 31a and 31b of a large number explained by drawing 3 (a) and drawing 3 

(b) in this example 31k — 31n, 32a — - 32m That is, while forming 

these spring sections in the field which shaved the common electrode holder 
35 and was made thin, it should be classified by notching so that each spring 
section might become independent. A probe is represented 31b, 31i, and 31s, 
33 represents the outgoing line of each probe, respectively, and drawing 12 is 
shown. 51-54 correspond to the slider of the example VIII shown in drawing 
11 at a spring rigging with weak 55-58 (57 and 58 are not shown), 
respectively. This example also maintains the condition of having contacted 
by the force in which a probe and a substrate 8 are weak, with these sliders 
and a weak spring rigging as well as Example VIII. 

0071 In contrast with drawing 12 (c) and drawing 12 (d), in the field in which 
the spring section is formed, the common electrode holder 35 is shaved, is in 
the sheet metal condition, and cuts and lacks the common electrode holder 
35 in the location which does not have the spring section in this field so that 
clearly. Therefore, the spring section which has sufficient spring constant can 
be formed, and if a current is passed to a probe, required deformation will be 
acquired enough. 

0072 Moreover, after the substrate 8 was set to the migration stage 15 also 
for this example In a near phase, an electrode holder 35 is pushed against a 
substrate 8 by the weak force., If the condition is maintained after that, it is 
the same as that of Example VIII that it is not necessary to perform especially 
position control underdrawing. 

0073 The top view and drawing 13 (b) which show the example of the 
parameter of a cantilever for example drawing 13 (a) of the parameter of a 
cantilever to explain the variation rate by the Coulomb force of a cantilever 
are the side elevation. For that width of face, W and die length are L and 
thickness t, and die-length L' of a probe of the cantilever shown in this 
example is 10 thru/or an about 15-micrometer thing. Coulomb force was 
rough calculated with the parallel plate capacitor which consists of this 
example between the conductive layer 10 of drawing 1 , and a cantilever 22. 

0074 First, the force F of acting between the electrode plates of an parallel 
plate capacitor is shown by below (several 8). However, the dielectric 
constant of the dielectric with which epsilon 0 exists between electrode plates, 
and S are the electrical potential difference between electrode plates 
and d of the area of an electrode plate and V the distance between 
electrode plates. 

0075 
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Equation 8 

[?] ID=000010 



0076 The parameter is as follows although three samples of A-C from which 

a spring constant differs a cantilever were prepared now. 

0077 

Table 1 

[x] ID=000011 



0078 Here, the result calculated about the Coulomb force which sets area of 
the cantilever holding a probe to S, and acts on a cantilever is shown in the 
following table. 
0079 
Table 2 

£12 











50/imX4 5 0 Min 


1 6 um 


4 0V 


6 3 0 nN 



0080 Now, the result to which the above-mentioned Coulomb force 
calculated the deformation of the above-mentioned sample paying attention 
to the example of 630nN(s) is as follows. 
0081 

Table 3 

[x] ID=000013 



0082 When adding -80V on the occasion of drawing mentioned above even 
by the case where an electrical potential difference is 40V since the big force 
and deformation in this way arise so that it may understand also in this 
example, big deformation will arise in a cantilever, the position control of the 
cantilever for drawing will be meaningless, and this deformation will follow a 
cantilever stability to the heterogeneity of the thickness of the resist layer 
11 conversely. Here is the important point of this invention paying its 
attention. 

0083 Next, the top view and drawing 14 (b) which show the example of 
other parameters of a cantilever for drawing 14 (a) to explain the variation 
rate by the Coulomb force of a cantilever are the side elevation. The 
cantilever shown in this example is the beam of two-point support, and 0.4 
micrometers and die-length L calculated 4 micrometers and thickness t for 
the width of face W of a point now about two examples 0.02 and 0.09, and 
whose die-length L' of a probe 200 micrometers and 100 micrometers, and a 
spring constant are about 6 micrometers. These two examples of the 
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structure and the configuration of a point are the same, and differ only in die- 
length L. Coulomb force was 610nN(s) when the electrical potential difference 
which set 3100 micrometers of distance d between 2 and an electrode plate 
to 6 micrometers for the area in the field of the cantilever of L= 100 
micrometers and a probe, and was applied was set to 40V in this example. If 
this cantilever has the force of this level, it will produce deformation of about 
6800nm like the cantilever of drawing 1313 . Therefore, deformation can fully 
use also by this type of cantilever. 

0084 Although the probe driving gear shown in drawing 4 (a) and drawing 4 
(b) does not have a cantilever like these examples and an parallel plate 
capacitor is not constituted, since spring 261,261' is very soft, the Coulomb 
force which acts on a probe can use enough. 
0085 

Effect of the Invention Since according to this invention, as for the position 
control of the probe to a substrate, a deed is performed only at the edge of 
the group of a probe and, as for other probes, only control of a current should 
be performed as explained above, the drawing equipment which can draw at 
a high speed can be created easily. 

0086 Moreover, since contiguity and control of an inclination do not need to 
be strict, they are good as easiest structure with the structure of extent 
shown in drawing 1010 , drawing 11 , or drawing 12 . Moreover, although 
illustration is omitted, it can also be made into the thing of a type which 
arranges an electrode at the tooth back of a cantilever and detects the 
variation rate of a cantilever by capacity change between both. 



Brief Description of the Drawings 

Drawing 1 The block diagram showing the example construct of the drawing 
equipment of this invention. 

Drawing 2 For (a), (b) is the perspective view showing the cantilever of the 
drawing equipment of drawing 1 , and its attaching part, and the top view 
seen from the intrados side of a cantilever. 

Drawing 3 For (a), the top view seen from the intrados side of the cantilever 
which shows the cantilever of the drawing equipment of this invention and 
other examples of the attaching part, and (b) are the side elevation. 
Drawing 4 For (a), (b) is the perspective view showing the example of the 
integrated probe driving gear group employable as this invention, and its 
attaching part, and the sectional view showing the structure of the probe 
driving gear of the unit. 

Drawing 5 The block diagram showing other example constructs of the 
drawing equipment of this invention. 

Drawing 6 Drawing showing an example of the relation of the quantity of 

radiation of a current and the line breadth of a substrate which were 

irradiated from the probe in the drawing equipment of this invention. 

Drawing 7 The perspective view showing the example from which the 

cantilever shown in drawing 2 (a) and its attaching part differed. 

Drawing 8 For (a), the top view seen from the intrados side of the cantilever 

which shows the example of deformation of the cantilever shown in drawing 3 

(a) and its attaching part, and (b) are the side elevation. 

Drawing 9 The cantilever shown in drawing 8 , and rear view of the example 

of the attaching part. 

Drawing 10 For (a), the top view seen from the intrados side of the 
cantilever which shows the example of others' deformation of the cantilever 



http://uspghpatO 1 /pdf/MTJP 1 1 073 906.htm 



08/23/2005 



PatentOrder MT 



Page 19 of 25 



shown in drawing 3 (a) and its attaching part, and (b) are the side elevation. 
Drawing 11 For (a), the top view seen from the intrados side of the 
cantilever which shows the example of others' deformation of the cantilever 
shown in drawing 3 (a) and its attaching part, and (b) are the side elevation. 
Drawing 12 The top view seen from the intrados side of the cantilever which 
shows the example of others' deformation of the cantilever shown in drawing 
3 (a) and its attaching part, and (b) (a) The sectional view seen in the 
direction of an arrow head by location a-a' of the field in which the spring 
section is not formed, and (c) a spring — the section — forming — having — 
**** a field — a spring -- the section — it is — a location -- b-b ' — an 
arrow head — a direction -- having seen -- a sectional view — and — (— d — ) 

— a spring -- the section -- forming — having -- **** a field a spring — 
the section -- there is nothing — a location — c-c -- ' -- an arrow head — a 
direction — having seen — a sectional view . 

Drawing 13 For (a), the top view showing the example of the parameter of 
the cantilever for explaining the variation rate by the Coulomb force of a 
cantilever and (b) are the side elevation. 

Drawing 14 For (a), the top view showing the example of other parameters 
of the cantilever for explaining the variation rate by the Coulomb force of a 
cantilever and (b) are the side elevation. 
Description of Notations 

1 — Current detecting element, — The detailed plotting-head section, 4 — 
The detailed drawing section, 5 — The inclination amendment section, 6 7 — 
Conductive layers 10 and 11 / — Resist layer, — The electrical-potential- 
difference impression section, 8 — A substrate, 9 — A glass substrate, 10 12 - 

- X-axis drive, ~ The migration section, 13 — A drive and an exposure 
control section, 15 — Migration stages 15 and 16 17 — The conductive 
spring section, 23a-23d / ~ The conductive film, 24 / — 25 An 
electrode holder, 26 / — A piezo-electric element, 30 / — The detailed 
drawing section, 31a, 31b — A Y-axis drive, 18 — A Z-axis drive, 21a, 21b, 

21c, 21d — A conductive probe, 22a, 22b, 22c, 22d 31k — The spring 

section, 33 / — The electric conduction line of a probe, — 31n, 32a — 
32m — 3jm 34a, 34b, 34c, and 34d — An electrode holder, 35 — Common 
electrode holder, 36a-36c — A piezo-electric element, 41, 42 and 43 — An 
electrode, 51, 52, 53 and 54 — Slider, 55, 56, 57, and 58 — A weak spring 
rigging, 60 — Pattern input section, 61 — Light source, — A rotation 
mechanical component, 65 — A rotation stage, 66 — 83 A revolving shaft, 81 
82 84 — A probe, 410 / — A coarse adjustment device, 420 / — A 
probe driving gear, 2100 / — The first integration electrostatic 
actuator, 2500 / — Second integration electrostatic actuator. — Light- 
receiving equipment, 91, 93 and 95 — The light source, 92, 94 and 96 — 
Light-receiving equipment, 220 
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g ID=000014 



Drawing 2 

[xj ID=000015 



Drawing 3 
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[x] ID=000016 
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Drawing 5 

ID=000018 



Drawing 6 
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Drawing 7 

[xj ID=000020 



Drawing 8 
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Drawing 9 




30 

Drawing 10 
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Drawing 11 
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Drawing 12 
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[xj ID=000025 



Drawing 13 

g ID=000026 



Drawing 14 
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